Reports on the effects of injections of blood fractions from schizophrenic patients into rats have been contradictory. The effects of samples of fresh serum or plasma from a group of chronic male schizophrenic patients and a group of apparently normal subjects have been compared with those of saline on conditioned responses in rats. No significant differences from the pre-injection trials were found with the rat rope-climbing and the conditioned avoidance techniques after any of the injections. Compared to saline, injections of fresh serum or of plasma reduced the responding rate of rats trained on operant schedules. No statistically significant differences could be demonstrated between the effects of the samples from schizophrenic and apparently normal subjects.
Introduction
In his critical review of the biochemical theories of schizophrenia Kety (17a, b) pointed out that the concept of a chemical retiology in schizophrenia is not new: the Hippocratic school attributed certain mental aberrations to changes in the composition of the blood and disturbances in the humours of the brain. According to Kety, it was Thudichum, the founder of modern neurochemistry, who in 1884 expressed the concept most cogently: "Many forms of insanity are unquestionably the external manifestations of the effects upon the brain substance of poisons fermented within the body.... These poisons we shall, I have no doubt, be able to isolate ... and then will come
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Since then many substances have been suspected and tested for their possible role in mental disease, especially schizophrenia. Fabing (5) has reviewed the more recent investigations and the "renewed search for an endotoxin or for multiple endotoxins, produced through metabolic error, as the answer to the riddle of schizophrenia . . . If such a derangement . . . is present in schizophrenia, it should be possible to transfer body fluids from the healthy to the sick, and to note behavioural changes." He noted that this had been done with "occasional suggestive results" by exchange transfusions first by Reiter in 1938 and, later, by Freedman and Ginsburg. Heath and his colleagues (13a,b) have injected blood from schizophrenic patients into normal non-psychotic subjects and they claimed the recipients developed transient symptoms described as being typical of schizophrenia (depersonalization, autism, blocking and thought deprivation). Moreover, Heath (12) reported that protein extracts which they prepared from the concentrated serum of schizophrenic patients could also induce symptoms which have been described for schizophrenia in non-psychotic volunteers and abnormal behaviour in trained monkeys. This protein extract they have called 'taraxein'. Latham et ttl. (18) have reported long-lasting behavioural changes in female spider monkeys after intraperitoneal injections of plasma fractions from schizophrenic subjects; somewhat similar changes occurred in chickens but with them there was no difference noted between the effects of the fractions from schizophrenic and control subjects.
Robins, Smith and Lowe (21) were unsuccessful when they attempted to confirm the findings of Heath's group and Kety (17b) has raised very pertinent points concerning some of the psychosocial characteristics of the situation in which 'taraxein' was tested. Frohman et al. (8) have claimed that there is a toxic factor in schizophrenic blood which interferes with the carbohydrate metabolism of chick erythrocytes. Buhler and Ihler (4) were unable to confirm this claim. Minz and Walaszek (20) reported that local application of adrenaline to the cerebral cortex of rabbits pretreated with serum from schizophrenics, was not followed by a pressor response as it was normally, but Kety (17b) and Gerard (9) were unable to demonstrate any difference between the action of sera from normal subjects and that from schizophrenics. Kety has also reviewed (17b) the claims of Heath et al. of changes in blood ceruloplasmin related to schizophrenia and he quotes the work of Mc-Donald who found that a high ceruloplasmin level was not characteristic of schizophrenia and where there was a positive Akerfeldt test (oxidation of dimethyl phenylenediamine by ceruloplasmin), it could be completely explained by a dietary insufficiency of ascorbic acid.
Among other claims of biochemical abnormalities in mental diseases are the reports by McGeer et al. (19a,b) of a significantly higher than normal concentration of, and qualitative differences in, the aromatic compounds in the urine of schizophrenic patients. Hoffer, Osmond and Smythies (16) in 1954 proposed the adrenochrome theory, which later became the adrenochrome-adrenolutin theory, and in the same year Woolley and Shaw (27) attempted to link serotonin and mental disease. Both theories have met with criticisms which are discussed in the reviews of Kety (17) and of Sourkes (23) . More recently, Hoffer and Mahon (14) have reported the presence of unidentified substances on chromato-grams of the urine of psychotic patients and Hoffer and Osmond (15) have invented the term 'malvaria' which they define as the psychiatric syndrome characterized by the presence of mauvestaining substances in the urine. In his 1961 review of the biochemistry of mental disease, Sourkes (23) stated that, in spite of some intriguing findings, the results claiming to demonstrate characteristic metabolic changes in the psychoses "have thus far fallen into one of three categories; 1) the original findings have been discontinued; 2) they have been attributed to some factor having little or nothing to do with mental diseases; or 3) the reported results are verified, but are shown not to be specific for mental disease". He continued, "Although the results in this search for biochemical abnormalities that provide clues to etiology are discouraging. . . . The finding of disturbances in somatic functions by biochemical means has positive value in showing that the psychoses are not purely psychological disturbances and in holding out the possibility of detecting larger physiological changes at some future date".
Still others, cited by Fabing (5) and by Kety (17b) , have claimed that they could demonstrate materials in the blood or other body fluids of schizophrenic patients which were toxic to various organisms including tadpoles, spiders, cerrain larvae, seeds, moulds, fungi and even to certain tissue cultures, but Kety concluded that "there has been no extensive substantiation of any of them", and several have been disputed; farther on in the review he states, "The significance of all of these studies in animals, whether the studies are successful or unsuccessful in demonstrating a toxic factor in schizophrenia is . . . considerably dwarfed by the implications of the taraxein studies. It is because of the tremendous implications which these results could have in the etiology and rational therapy of this important disorder, that a reviewer must evaluate them with even more than the usual care". And after a critical discussion of the available evidence he wrote, "... but the question of whether taraxein acts as a biological cause or as a mediator of some of the symptoms of schizophrenia is by no means resolved" (17b).
In 1958 Winter and Flataker (26) reported that injections of plasma or serum from psychotic patients induced a highly significant decrease in the performance of rats trained to climb a rope and "that this action is at least quantitatively, and possibly qualitatively, different from that elicited by plasma of non-psychotic subjects". Bergen et al. (1) at the Worcester Foundation described similar effects on rope climbing with plasma fractions from acutely ill psychotic patients.
It was our hope that by careful selection and supervision of the patients, taking into consideration the various complicating factors discussed by Kety (17a) , and by the use of several different techniques of measuring the effects of injections of serum and plasma on rat behaviour, a clearer answer might be obtained as to whether there is in fact a blood-borne factor unique to, or in higher concentration in, schizophrenic patients. If such a factor were found, it was our intention to try to isolate it chemically and to attempt to correlate changes in its concentration with the clinical course of schizophrenia, the changes in behaviour, effect of medication, etc.
Methods
The patients selected for this study were chronic male schizophrenics aged 39 to 48 years who had been in the OVA Westminster Hospital, London, continuously for over ten years. The patients selected were kept in the 25...:bed Psychiatric Research Ward throughout these experiments. This allowed strict control of medications, and close observation of diet, physical activity and behaviour. Control subjects in the same age group were selected from among the hospital orderlies for the rope-climbing and con-ditioned-avoidance experiments. For the operant behaviour experiments, 'the control 'apparently normal' subjects were medical school personnel with a mean age somewhat less than that of the patients. In all but one series of experiments the schizophrenic patients were given no medication for a period of at least two weeks before the rat tests.
In most experiments 25 ml, of blood were withdrawn from the test subject between 0800 and 0830 hours, placed in a dry tube, allowed to clot, and the serum was taken up into a numbered syringe. For the plasma samples heparin was used as the anticoagulant. Physiological saline (0.9 per cent) was used as a control. In every experiment, except as noted, the sample was less than one hour old when it was injected into the rats. All experiments were done with the double-blind technique: the person injecting and observing the rats did not know the origin of any sample.
Rope-climbing Technique. The procedure used was a modification of that described by Winter and Flataker (25) . Young male Sprague-Dawley rats were fasted for 24 hours but allowed water ad libitum; they were then taught to climb a vertical rope 100 em. long to obtain small food pellets placed on a platform. After feeding for 15 seconds the rats were then run again. The training period continued for seven days before the assay. During the whole training period and during the experiment itself, the total food intake was restricted to 6-7 gms./ rat/day. On the day of an experiment while the blood samples were en route from the hospital, each rat was made to climb the rope three times and the cl~mb ing time was measured; the mean climbing time was used as the control value. Syringes were filled by the person who collected the blood sample with 1 ml. of serum from either a schizophrenic patient or an apparently normal subject or with 1 ml. physiological saline (0.9%) and were numbered according to a modified latin-square design. In Series RC 1 three rats were injected with each sample of serum; in Series RC 2 and RC 3 two rats were tested with each sample. Eventually each rat received one injection of serum obtained from a SChIZOphrenic and one from an apparently normal subject, as well as a s~line. control injection. Shortly after making I~S. three control trial runs, each rat was Injected intraperitoneally with 1 ml. of saline or 1 ml. of serum (less than one-hour old) from a test subject. Fifteen minut~after the injection each rat was reqUIr~d to make a trial run and every 30 mmutes thereafter for a total p o sr-i nj ec ti on period of 3.75 hours.
.
Conditione d-Amoi d anc e Behaviour.
Young male Sprague-Dawley rats were trained in an avoidance box 35" long and 6" wide. The rat was put into the box at one end and allowed to remain there for five seconds before a buzzer was sounded for one second. Five seconds after the beginning of the buzzer sound the grid floor was electrified and the rat was taught to escape through a. 3x3. inch hole at the end opposite to which It e~tered.
To prevent extinction of the avoidance pattern the rat was required to.~ak~19 trials a day for seven days. The Injections were made and the rats and treatments were randomized as described above. Again, three trials were conducted~n the control period and two at fifteen mmutes and every thirty minutesrhereafter for 3.75 hours, after the J.P. injection of 1 ml. of test sample. Each rat in this gI'~UP was given 15 gm. of food at 4 p.m. w~lch it ate within two hours; thus by the time of the trial runs the rat had been fasting for some sixteen hours. Water was given ad libitum.
Operant Behavioural Techniques a) Fixed-ratio program: Young, adult, male rats of the hooded strain were used in this study. They were fasted for 24 hours and then put into a Skinner-type test box and taught to press the pedal for food, using a continuous reinforcement schedule, and were allowed only 7 gm./ day on the days of the experime?-tal period when they were not working.
Water was allowed ad libitum and was also provided in the testing box. After several days to one week on continuous reinforcement they were shifted to an FR 10 schedule (10 bar presses yielded one 45 mg. food pellet) and kept on the FR 10 schedule for five days a week over a two-week period. During this period they were given a dummy injection each day (the needle was. perature-controlled (25-26°C) box which was insulated and built to attenuate extraneous noise. Every day throughout the training period the rats received 1 ml. of saline intraperitoneally so that they were actually trained with I.P. injections and operant conditioning. The variable-interval (VI) schedule was then begun with a mean of 10 seconds and continued on three successive days. This was followed by a step-up in" the variable-interval schedule to a 30-second mean for three days, and then increased to a mean of 60 seconds. This VI schedule (varying from two seconds to four minutes with a mean of 60 seconds) was then continued throughout the rest of the experiment. After a week of this schedule the rats had reached a high performance at a fairly consistent level. On each experimental day the rat performed for 30 minutes, which gave a control rate of responding, before the injection of saline (control) or plasma was given. The animals were followed over a period of 90 minutes after the injection, their responding rates being recorded with a print-out counter at 1O-minute intervals. Immediately after each test session the amount of food obtained by the rat was calculated and the remainder of his 7 gm. per day ration was given.
Series B-Because of statements in the literature (1) about the lability of this toxic factor in schizophrenic blood, an experiment was performed in which the same plasma samples were tested at three different times after withdrawal from the subjects. Three groups of rats were trained to work on the VI schedule: one group began work at 0830, the second group at 1030 and the third group at 1230 hours. Thus when they were injected at 0900, 1100 and 1300 hours, respectively, the plasma had been withdrawn for from one to five hours. As a check on the possible effect of diurnal variation of susceptibility to the plasma samples, another experiment was performed with the rats being injected at either 0900, 1100 or 1300 hours, but with plasma samples obtained one hour or less before injection into the rats.
Results
Rope-climbing Technique. Well-trained rats required only two to four seconds to climb the rope and showed no decrement in performance after making up to 19 trials per day. The results of 90 assays with serum or saline are summarized in Table I . The mean climbing time delay (calculated as the difference between the mean of the climbing times at eight intervals after injection and the mean of the three pre-injection trials) elicited by saline, by serum from apparently normal subjects and from schizophrenic patients when they had received no medication for at least 3.5 weeks, and when they were on medication, is shown. There is no meaningful change in the climbing times and no evidence of a blocking factor in serum whether from normal or schizophrenic subjects, on or off medication.
In Table II the results of two other series of rope-climbing experiments are combined and summarized. In this table "Failure to Climb" means that a successful ascent of the rope was not made within 60 seconds. It is evident that most of the rats climbed the rope successfully on most of the trials. When a rat did fail, it usually failed at only one or two of the post-injection trials and the failures were more or less randomly distributed oyer the whole 3.75 hour period following the injection. There was no indication of a blocking factor in the serum from schizophrenic patients; in fact, if anything, there was less tendency for the serum to block than the saline. Similar results were obtained when plasma samples from eight chronic schizophrenic patients were compared with plasma from twelve apparently normal subjects and with saline injections. Conditioned Avoidance. These tests were run simultaneously with the rope-climbing studies and the same serum samples were used for both experiments. The results, summarized in Table III , show that failures to avoid the shock in the post-Injection period were very rare: 1.25% for saline and schizophrenic serum, 0.63% for normal serum in the first series, and 0.98% and less in the other series. With those few rats which failed to make an avoidance it was observed that they escaped very quickly after the onset of the shock. It can be seen that failures to avoid were no more frequent after injections of serum from schizophrenic patients than after normal serum or saline. The lower table also shows that serum from schizophrenic patients had no more tendency to block the avoidance response when the patients were receiving phenothiazine medication than when they were not.
Operant Bebmnour a) Fixed-Ratio Program
It was observed that rats on the FR 10 schedule worked very hard during the first half hour, after which their performance tended to decline as they acquired more food. Table IV shows that in the first half hour after injection there was a significantly (P < Om) greater number of pellets obtained by the rats injected with saline than in those injected with serum from either schizophrenic or normal subjects. But there was no significant difference between the depressant effect of schizophrenic serum and normal serum. This depressant effect of serum was transitory because the number of pellets obtained 'over the whole twohour test period was not different in any of the groups. Similar results, depicted in Figure I , were obtained in another experiment using the FR 10 program with 20 fresh samples of serum from schizophrenic patients and a like number from apparently normal subjects. It may be seen that the rate of responding after serum injections was less than after saline during the first half hour; (note, however, that the responding rate was somewhat higher after schizophrenic than after normal serum) . There was little difference among them over the 30-60 minute period and after one hour the trend seemed to be reversed, the saline-injected rats working the least hard.
Another analysis of this experiment, summarized in Table V , compares the responding rates during the first 30 minutes after the injection of sera from apparently normal and from schizophrenic subjects. In 20 tests there was a slight reduction in the performance of eight rats and a marked reduction in nine after they received serum from apparently normal subjects. Of the 20 tests after injections of serum from schizophrenic patients there was a slight reduction in seven and a marked reduction in eight. Even this quantal analysis shows no significant differences between the two groups. b) Variable-Interval Schedule. This schedule was found to lead to higher and more consistent responding rates and a much lower food intake in rats than the FR 10. The absolute rate of responding varied somewhat from day to day but the pattern of responding over the two-hour period was quite consistent in anyone rat. For this reason the mean responding rate over the 30-minute period before the injection was taken as the control rate in these experiments and the post-injection rates of each rat were calculated as percentages of its control rate. Preliminary experiments demonstrated that heparin in the concentration used for the collection of the plasma had no more effect than the control injections of saline itself. In Figure 2 the mean and standard error of the mean for the three different treatments at three intervals after the injections are shown. Seventy experiments were done with saline injections; there were plasma samples from 13 different apparently normal subjects and 15 different chronic schizophrenics. It is readily apparent that the performance of the rats during the three 30-minute periods following the injection of saline, is quite constant; the responding rates do not differ significantly from that in the control-pre-injection period. Injections of plasma from both normal and schizophrenic subjects, however, markedly reduced the performance when compared to that after saline in all three post-injection periods (P < 0.001 for each period).
There was no statistically significant difference between the effects of the plasma from normal and schizophrenic subjects during the 0-30, 31-60, or 61-90 minute post-injection periods (P < 0.4, < 0.9, and < 0.3 respectively).
In the experiment summarized in Table VI (a) blood samples were withdrawn, repeatedly, between 0800 and 0830 hours from one apparently normal subject and from two schizophrenic patients. In this experiment one group of test rats had been trained on the VI schedule and injected at 0900; another group at 1100, and a third group at 1300 hours. Thus comparisons could be made of the effects of plasma 1, 3, and 5 hours old. The table shows that the greatest reduction in performance occurred with the one-hour old plasma samples from both groups of subjects. In this experiment the mean post-injection responding rate of the rats receiving plasma one hour after with- drawal from the two schizophrenic patients was significantly less (P < 0.05) than that of the rats injected with plasma from the one apparently normal subject.
In the experiment depicted in Table VI (b) the plasma samples were obtained from the same subjects as in Table VI (a) but the blood was withdrawn at 0800, 1000 and 1200 hours so that all plasma samples were one hour old or less when the rat tests were performed. It will be seen that saline produced very little effect on the responding rates of the three groups of rats; plasma, however, whether from the apparently normal or schizophrenic subjects, had its greatest depressing effect in the rats which were tested at 0900 hours.
Discussion
The results show that the intraperitoneal injection of 1 ml. fresh serum or plasma from apparently normal subjects or chronic schizophrenic patients had very little effect, compared to saline, on the performance of rats trained to climb a rope for a food reward. This was true whether a graded or quantal analysis was used. Winter and Flataker (26) calculated their climbing time delay by plotting the climbing time, in seconds, against the time after injection, in minutes, in order to assess the duration as well as the magnitude of the blocking effect; even this type of calculation failed to reveal a difference in our results between the two groups of subjects. Winter and Flataker . Effect of plasma on operant behaviour (VI schedule). The mean rate of responding of the rats calculated as percentages of the pre-injection control rates are shown. The rate of responding of each rat during three 30-minute periods following injection was calculated as a percentage of its control pre-injection rate. The means are shown for injections of plasma samples from 13 different apparently normal subjects and 15 chronic schizophrenic patients and for 70 injections of saline. (26) reported that intraperitoneal injections into rats of blood serum or plasma from the majority of schizophrenic and other severely psychotic patients, produced a deficiency in performance: the over-all average climbing time delay of the psychotic plasma was 677 minuteseconds compared to 133 for the normal group. They also reported that cerebrospinal fluid had much less effect than plasma, and plasma by the subcutaneous route gave negative results. Bergen et al. (1) described similar effects on rope climbing with plasma and plasma fractions from acutely ill psychotic patients "before diagnosis had been established or drug therapy begun." They found no differences in the values for climbing time delay produced by plasma and plasma-protein fractions from acute schizophrenics and those from acute non-schizophrenic psychotics and they pooled the groups under the general classification 'psychotic'. There were no statistically significant differences in the climbing times of rats injected with serum from psychotic patients as compared to equivalent serum samples from control subjects.
With the operant behavioural techniques the results show that injections of serum from apparently normal and from schizophrenic subjects induced a significant decrement in performance compared to saline, but there was no statistically significant difference between these samples in magnitude of effect. Injections of plasma likewise decreased the operant performance of the rats but, again, there was no statistically significant difference 
Schizophrenic (Subjects R,A) 51.4 ± 7.57 ( 10)* P < 0.05 84.9 ± 9.20 (12) 63. 4± 12.95 (11) between the effect of plasma from apparently normal subjects and that from chronic schizophrenic patients. Ghent and Freedman (10) reported a significant motor impairment in rats following injection of serum from either schizophrenic or normal subjects, with no differences between them. Bishop (3) reported mat Anger studied the influence of serum from schizophrenics upon the performance of a learned bar-pressing response in rats and despite promising early findings this technique also failed to differentiate between the effects of serum from normal and psychotic donors. In his review Kety (17b) points out that Winter and Flataker found that the phenomenon occurred with sera of patients with a variety of mental disorders, including mental retardation and alcohol-ism, and that there was a considerable variation in this index between similar groups of patients at different hospitals. Other investigators (9, 10, 17b) have been unable to demonstrate this phenomenon. Kety felt that "the quite real and statistically significant phenomenon originally observed may be related to variables other than those specific for, or fundamental to, schizophrenia".
Fedoroff (6, 7) has demonstrated that there is an antibody present in probably all human blood sera which reacts with cell surface antigens of many species including rats. When the antibody combines with the antigen, the complex can fix human but not guinea pig complement; in the presence of human complement this antibody is cytolytic. The complement in human serum is very 
*Numbers in brackets refer to number of tests performed. August, 1966 labile: on storage at room temperature or even at 4°C for a few days, it is destroyed.
Bergen et at. (2) claimed that the factor present in human plasma globulin fractions which affected rat behaviour was labile but could be preserved by storage under an atmosphere of hydrogen. It may be that hydrogen retards the breakdown of human complement. If in a bio-assay procedure blood samples from the two groups of human subjects were not obtained and handled in exactly the same way, they could give different reactions in the rats, depending on the degree of inactivation of the complement (7) . In our experiments the blood samples from both normal and schizophrenic subjects were obtained, handled and injected into the rats in exactly the same manner and at the same times. The samples from both groups produced decreases in the performance of the more precise operant conditioning tasks, whereas saline did not. This decrease is obviously not related to schizophrenia but may be a response to the antigen-antibody reaction.
Stern et at. (24) suggested that the general activity level of rats is probably a basic component of rope-climbing performance and they went on to study the effects of saline and of plasma from normal and schizophrenic patients on two different measures of activity: open-field behaviour and activity wheel tests. There were no differences between the effects of plasma from the two groups of subjects in either test. Shapiro (22) studied the performance of rats in the activity wheel after injections of cerebrospinal fluid from catatonic patients; his observations did not substantiate the earlier hypothesis that there is a 'catatonigenic agent' in the cerebrospinal fluid of such patients.
The negative results obtained with the conditioned avoidance technique have been confirmed by Bishop (3) ; he claimed, however, that he was able to demonstrate significant differences between the effects of normal and schizophrenic plasma on the rate of learning of conditioned avoidance. In the very few rats which failed to make an avoidance it was observed that they escaped rapidly when the shock was applied; this is reminiscent of the effects of phenothiazines such as levomepromazine (11) .
Bergen et at. (1, 2) reported that the factor in plasma is labile: "samples lose activity with aging for several days". In the experiments reported here it was found that plasma samples three hours, and five hours old, whether from the apparently normal or schizophrenic subjects, had less effect than the one-hour old samples. But with rats trained on the same time schedules it was found, with one-hour old plasma samples from the same subjects, that the greatest reduction in performance occurred at 0900 hours; with saline injections there were no differences in performance observed at any of the three time periods. Thus it would appear that the differences in performance induced by plasma in Table VI (a) were related more to the time of day when the rats were injected than to the age of the plasma sample. It was not considered worthwhile to test plasma of greater age because even with plasma only one hour old, no significant difference in effect could be found between the samples from the schizophrenic patients and the apparently normal subjects. Veterans Affairs, Westminster Hospital, London, for their co-operation. We should also like to thank Prof. P. 
Resume
Les comptes-rendus sur les effets des injections de fractions de sang de schizophrenes ont ete contradictoires. Nous avons compare les effets du serum frais ou du plasme frais d'un groupe de schizophrenes chroniques et d'un groupe de sujets apparemment normaux avec ceux de la saline sur les reponses conditionnees des rats. En les techniques de la montee de la corde et de l'action conditionnee d'eviter nous n'avons trouve aucunes differences significatives entre les essais apres n'importe quelles injections et ceux avant les injections. Avec les rats habitues aux techniques operantes des injections de serum ou de plasme ont reduit la vitesse des reponses comparees a celles apres la saline. Cependant, aucunes differences statistiquement significatives ne pouvaient etre demontrees entre les effets du sang des schizophrenes et des sujets apparemment normaux.
